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Specification 



1. Title of the Invention: 

Catalysts for Cleaning Exhaust Gas 

2 . Claims : 

Catalysts for cleaning exhaust 9 as which are characterized 
by the fact that catalysts for detoxifying hydrocarbons, carbon 
monoxide ana nitrogen oxides in the exhaust from internal 
combustion engines consist of a first catalyst layer primarily 
containing zeolite on the carrier and a second catalyst layer 
primarily containing a nohle metal catalyst having an 
oxidative/reductive ability. 
3 . Detailed Description of the Invention 
[industrial Field of Application] 

T his invention pertains to catalysts for cleaning exhaust 
gas fro, internal — tion engines. In particular, it pertarns 
to catalysts for cleaning exhaust gas which are called ternary 
catalysts . 

^ ternary catalysts are generally installed in an exhaust 
syst em for automobile internal coition engines in which an 
oxidative component and a reductive component are used 
simultaneously in a stoichiometric^ eguivalent amount for 
detoxifying the three components-, hydrocarbons, carbon monox.de 

^T^^in indicate pagination in the foreign text. 
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and nitrogen oxides in the exhaust gas. 
[Prior Art] 

Recently, the ternary catalysts which simultaneously perform 
oxidation and reduction efficiently are the major thrust of the 
catalysts used for cleaning exhaust gas of internal engines. 
These ternary catalysts are generally carried on a monolith 
carrier having a honeyconfc-shaped cross-section of noble metal 
catalysts such as platinum ,Pt, . palladium <Pd> and rhodium <Rh, . 
In the monolith carrier, materials with a smaller thermal 
expansion and high heat resistance such as cordielite are used, 
and after coating a porous material having a greater surface area 
such as activated alumina or zirconia on a monolith carrier, a 
noble metal catalyst is supported. As an actual example of the 
ternary catalysts supporting a noble metal catalyst, ternary 
catalysts of the Pt-Pd-Rh series were disclosed in Japanese Koho 
Patent «o. 1 Sho 57-20013. In this example, an attempt was made 
to improve performance by arranging Pd as an inner layer which 
easily undergoes a reduction in performance due to catalyst 
poisoning and Pt-Rh as an outer layer. 

Since these ternary catalysts exhibit a high 
oxidative/reductive ability at about a theoretical air/fuel 
ra tio. exhaust entering the catalyst is controlled to have an 
air/fuel ratio as close as the theoretical air/fuel ratio. Thrs 
control is based on the oxygen concentration in the exhaust which 
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is detected by an oxygen concentration sensor which is install 

at the upper steam o£ the catalyst. According to the oxygen OM 

concentration in the exhaust at the upper steam o £ the catalyst, 

the fuel feed rate of the internal combustion engines, the rate 

of air inhalation, and the air feed rate into the exhaust are 

controlled in order to fix the exhaust as close as the 

theoretical air/fuel ratio. 

[Problems that this Invention Intends to Solve] 

When automobile internal coition engines are started in a 
cold state, the air/fuel ratio in the exhaust is reduced 
( air/fuel ratio becomes rich, in order to increase the fuel to be 
ted Since the amounts of carbon monoxide and hydrocarbons 
increase in the exhaust gas in a cold state, the functions of the 
ternary catalyst are not sufficient and in particular, the 
problem is that the cleaning rate of CO and HC declines. 

Therefore, the purpose of this invention is to provide 
ternary catalysts exhibiting a high cleaning activity for 
hydrocarbons when the air/fuel ratio is in a rich state as when 

it is still in a cold state. 

[Means to Solve the Problems] 

This invention's catalysts for cleaning exhaust gas are 

ternary catalysts which consist of two catalyst layers and in 

which zeolite is located in the inner layer. 
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Th e constitution of this invention is as follows. Symbols 
indicated in Figure 1 were used for references. 

This invention provides catalysts for detoxifying 
Hydrocarbons, carbon monoxide and nitrogen oxides in the exhaust 
gas fro, internal coition engines. This catalyst consists of 
a first cata!yst layer (12, primarily containing zeolite on a 
carrier (10, and a second catalyst layer (14) primarily 
containing a noble metal catalyst having an oxidative/reductive 
ability on the first catalyst layer. 

in the constitution of this invention, carriers such as 
integrated monolith carriers and granular pellet carriers are 
available. As monolith carriers, ceramics such as cordielite and 
those prepared by laminating heat resistant metal films can be 
used. Pellet carriers can be alumina pellets. 

As a first catalyst layer, a porous layer primarily 
consisting of zeolite is formed. Zeolite is also called a 
oolite (boiling stone, which has a chemical composition similar 
to feldspar or feldspathoid and is a hydrated silicate with a 
general formula: W.Z.O^O (where W is ». Ca, K, Ba or Sr. and Z 
ls si + A l when Si/Al>l, . regarding the internal structure of 
zeolite, it consists of basket-shaped cavities and gaps such as 
t unnel-shaped channels having different opening sizes which 
mutually connect these cavities. Due to the presence of gaps, 
zeolite presents an ion exchange ability, adsorbabiUty, 



m olecular sieving Ability, and catalytic ability. The first 
catalyst layer can contain heat resistant oxides such as alumina. 
zl rconia and rare earth oxides in addition to seolrte. 

N oble .etal catalysts such as Pt, Pd and Rh can be supported 

in the first catalyst layer. 

m addition to the noble petals such as Pt, Pd and Rh. the 

AvnHpq such as ceria (Ce0 2 ) 
first layer can contain rare earth oxides such 

and lanthana (La 2 0 3 ) . 

after for.ing a coat layer of alumina on the first catalyst 
lay er, a second catalyst layer is for.ed by supports a noble 
m etal cataiyst such as Pt, Pd and Rh on the coat layer. One or 
more noble .etals can be used. The a.ount to be supported ran.es 
fro* 0.1 to 10 9 /1 (weight supported per 1 liter carrier,. In 
this case, if it is less than 0.1 g /liter, the effect of the 
ternary catalyst is too low. Xf it exceeds lOg/liter, the effect 
o£ the ternary catalyst which ,eets the amount of expensive noble 

v.- ~a The coat layer can also contain 
metal catalyst is not achieved. The coat 

„ or i. (reOo) and lanthana (La 2 0 3 ) , and 
rear earth oxides such as ceria (Ce0 2 ) an 

.irconiu, oxide. The heat resistance of the second catalyst 
laY er is proved and when ceria is added, the window of the 
ternary catalyst (width of the air/ fuel ratio with which the 
cernar y cleaning ability can be m aintained at about the 
theoretical air/fuel ratio, can be widened by the oxygen storing 

ability. 



fi desirahle temperature for the catalysts for cleaning 
exhaust gas ran.es from 300 to ...-C. !n this case, a desiraole 
sp ace velocity , W , of the exhaust flow ranges from 10000 to 

120000h" :L . 

[Actions] _ v, = „ 0 4- 

According to this —ion. cata ly sts for cleaning exhaust 

gas , when the air/fuel ratio in a cold state is in a - state ^ 
are selectively adsorbed in ». catalyst layer 

■ , ™i layer For this reason, HC in the exhaust 
(12) as the internal layer. 

- -K, e f nasses When an engine is started, 
declines after the catalyst passes. 

f i-hP exhaust gas increases and the catalyst 
the temperature of the exhaust: g 

ur is slowly removed from 
temperature also increases so that HC 

<m\ ho and CO are oxidxzed 
zeolite in the first catalyst layer (12) HC an 

- i «t laver (14) which has been activated, and 
in the second catalyst layer U^u 

No x is reduced in order to proceed with detoxification. 

lEXamPl8Sl ■ to F ig 1 tM. espies of catalysts 

Referring to Fig. 

>, «t- aas are explained along with Comparison 
for cleaning exhaust gas are exp 

Examples . 

Figu re 1 is a diagram showing a portion of the cross- 
s ectio„al view of the flowpaths for a monolith catalyst, rigure 
a is a graph indicating the relationships hetween the rn-f lo gas 
temperature containing catalysts prepared in samples an ■ 
an d comparison samples i. , and 3 and the cleaning rate HC. 



Figure 3 is a graph indicating the relationships between the in- 
flow gas temperature containing catalysts prepared in Exiles 3, 
4 and 5 . Comparison Example 4, and the cleaning rate of HC. 

[Example 1] 

As shown in Fig. 1, as a carrier to which a catalyst is to 
be coated, a cordielite honeycomb type monolith carrier (10. was 
US ed The monolith carrier (10, used was a carrier contains 
400 Pieces of cells with an apparent capacity of 1.3 Uter per 
sguare inch of cross-sectional area. After the pre-processing, 
the carrier was dipped in a wash coat slurry. A slurry was 
produced by blending zeolite (100 parts by weight,, silica sol 
,80 parts by weight, , water and nitric acid and subsequently by 
ball milling. Then the monolith was lifted and compressed arr 
was blown onto the eel! surface to remove excess slurry in the 
C ell After drying <200°C> to remove free water, the product was 
calcined at 700°C for one hour. As a result, a zeolite coated 
laY er (first catalyst layer, ,12, was formed with a thickness of 
25/m on the monolith carrier ,10, . 

After applying water pre-treatment on the monolith carrier 
(10) on which a zeolite coated layer (12, is formed, the monolith 
carrier was dipped in a wash coat slurry primarily consisting of 
alumina. The layer was similarity blown when the aeolite coated 
!ayer .12, was formed, and subsequently dried and Versed. As a 
re sult, an alumina coated layer with a thickness of approximately 



2 5„m was obtained. This wash coat slurry was produced by ball 
filing the mixture consisting of alumina (100 parts by weight, . 
agueous aluminum nitrate solution (14 parts by weight, . water and 

nitric acid. 

Subseguently, lanthanium (La, and cerium <Ce, were supported 
as well as platinum (Pt> and rhodium <Ph> on an alumina coated 
layer according to the ordinary method to £orm a second catalyst 
layer (14,. The amounts of these components which were supporteds 
„ere as follows, Pt: 1.5,. Kh: 0.3,. L.. <>■<» «*•■ and Ce: 0.3 



mols 



[Example 2] 

Except that the thickness of the zeolite coated layer as a 
first catalyst layer was lO^m, a catalyst was prepared in the 
same way as in Example 1. 
[Comparison Example 1] 

m this comparison Example, the thickness of the zeolite 
coated layer as the first catalyst layer was approximately 50*m 
and the second catalyst layer in Example 1 was not formed. 

[Comparison Example 2] 

in this comparison Example, the thickness of the second 
catalyst layer was approximately 50^ and the zeolite coated 
iayer as the first catalyst layer in Example 1 was not formed. 
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[Comparison Example 3] 

in this Comparison Example, the noble metal catalyst layer 
in Example 1 was used as the first catalyst layer formed on the 
m onolith substrate, and the zeolite coated layer was used as the 
second catalyst layer formed on it. 
[Evaluation Results 1] 

The cleaning rates were determined for the above-mentioned 
Examples 1 and 2. and in Comparison Examples 1, 2 and 3 . The 
above-mentioned catalysts were determined for the catalytic 
activities when they are installed in the exhaust system of a 4- 
cylinder engine with an exhaust rate of 1.6 liter. When the 
exhaust inlet gas temperature changes from 100°C to 500'C. the HC 
cleaning rates were measured. An air/fuel ratio <A/F, was fuel 
excess of 13.5 (rich barn,, and the space velocity of the exhaust 
gas (SV) was found to be approximately SCOOOh" 1 . 

A s clearly shown in Fig. 2, this invention's catalysts 
prepared in Examples 1 and 2, demonstrated a very high HC 
cleaning rate from a low temperature region (near 100 to 200-C) 
when excess fuel was present at a low temperature in the case of 
cold-starting. This implies that the low temperature activity rs 
excellent. As the inlet gas temperature increased, the cleaning 
ability showed a trend of decline. In contrast, a high cleaning 
activity was demonstrated in a high temperature region. The 
reason why the cleaning rate declines temporarily between the low 
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temperature region and the high temperature region seems to be 
due to the occurrence of a slight gap from the time when HC is 
removed beyond 200°C to the time when the oxidation reaction is 
activated. However, this time gap is very small, so that it 
causes no problems . 
(Example 3) 

As shown in Fig. 1, a cordielite honeycomb monolith carrier 
(10) was used as a carrier on which a catalyst was coated. The 
monolith carrier (10) was a carrier with an apparent capacity of 
1.3 liters having 400 cubic cells per 1 square inch of cross- 
sectional area. After the water pre- treatment , the carrier was 
dipped in a wash coat slurry. The slurry was formed by ball 
milling a mixture consisting of zeolite 100 parts by weight and 
silica sol 80 parts by weight with water and nitric acid. 
Subsequently, the monolith was lifted from the slurry and 
compressed air was blown against the cell wall to remove excess 
slurry in the cell. After removing free water by drying (200°C) , 
the carrier was calcined at 700°C for 1 hour. As a result, a 
zeolite coated layer (first coated layer) with a thickness of 
approximately 25//m on the monolith carrier (10). 

After the water pre-treatment of the above-mentioned coated 
layer, the coated layer was dipped in an aqueous dinitrodiamine 
platinum solution and left for 24 hours to carry out ion exchange 
of Pt (0.75g) per liter of a carrier. 
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Subsequently, excess moisture was wiped off and dried at 
250°C for 1 hour. The coated layer was dipped in an aqueous 
rhodium chloride solution and left for 24 hours to carry out ion 
exchange of Rh (0.15g) per liter of a carrier to form a first 
catalyst layer. 

Subsequently, the monolith carrier was dipped in a wash coat 
slurry primarily consisting of alumina and blown away at the same 
time when a zeolite coated layer was formed, then dried and 
immersed. As a result, an alumina coated layer with a thickness 
of approximately 2 . 5„m (second coated layer) was obtained. This 
wash coat slurry was produced by ball milling of a mixture of 
alumina 100 parts by weight and aluminum nitrate solution 14 
parts by weight with water and nitric acid. 

Subsequently, platinum (Pt) and rhodium (Rh) were supported 
in the alumina coated layer according to the regular method to 
form a second catalyst layer (14) . The amounts of these 
components supported were Pt 0.75g and Rh 0.15g per liter of the 
carrier . 

The total of the noble metals in both the first catalyst 
layer and the second catalyst layer which were supported in the 
first and second catalysts consisted of Pt 1.5g and Rh 0.3g per 

liter of the carrier. 

Subsequently, the above-mentioned carrier was dipped in an 
aqueous ceria (Ce0 2 ) solution and the excess solution was blown 



12 



• 



away and dried to obtain a carrier containing 0.3 mol Ce per 
liter of the carrier. 
[Example 4] 

in this Example, except that Pt carried in the first and 
second catalyst layers was replaced by Pd, a catalyst was 
prepared in the same way as in Example 3. 
[Example 5] 

in this Example, a catalyst was prepared as in Example 3, 
but Ce was not supported in the catalyst. 
[Comparison Example 4] 

in this Comparison Example, no first catalyst layer in 
Example 3 was formed, the thickness of the second catalyst layer 
was changed to approximately 50m. and the catalyst consisted of 
Pt 1.5g, Rh 0.3g, Ce 0.3 mols. 
(Evaluation Results 2) 

The cleaning rates were determined when using the catalysts 
prepared in the above-mentioned Examples 3, 4, 5 and Comparison 
Example 4 and the results were evaluated for the catalytic 
activities when they are installed in the exhaust system of a 4- 
cylinder engine with an exhaust rate of 1.6 liter. When the 
exhaust inlet gas temperature changes from 100°C to 500°C, the HC 
cleaning rates were measured. An air/ fuel ratio (A/F) was fuel 
excess of 13.5 (rich burn), and the space velocity of the exhaust 
gas (SV) was found to be approximately 60,000b- 1 . 
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As clearly shown in Fig. 3, this invention's catalysts 
prepared in Examples 3, 4 and 5, demonstrated a very high HC 
cleaning rate from a low temperature region (near 100 to 200°C) 
when excess fuel was present at a low temperature in the case of 
cold-starting. This implies that the low temperature activity is 
excellent . 

The cleaning rates of CO were compared among Examples 3, 4 
and 5 and Comparison Example 4 . When the inlet gas temperature 
was 150°C and 400°C, the cleaning rates in Comparison Example 4 
were 0% and 86% at respective temperatures, 43% and 87% in 
Example 3, 40% and 85% in Example 4, and 10% and 85% in Example 
5. According to Examples 3, 4 and 5, the low temperature 
activity for CO was found to be improved. 

in addition, in Examples 3 and 4 with the addition of a rare 
earth oxide, it has a storage effect of Ce for HC in a low 
temperature region and HCs are detoxified to C0 2 by the oxidation 
reaction of noble metals. In addition, due to the generation of 
reaction heat, the catalytic reaction is accelerated so that the 
low temperature activity is improved in comparison with Example 
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Specific Examples of this invention were explained, but this 
invention will not be limited by these examples. In the scope of 
this invention's claim, various application modes can be 
included. 
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[Effects of the Invention] 

According to this invention's catalysts for cleaning exhaust 
gas, two catalytic layers are installed and zeolite was located 
in the internal layer so that even if the air/ fuel ration in a 
cold state is in a rich state, ternary catalysts with high 
cleaning activities for hydrocarbons are obtained. 

in the catalysts for cleaning exhaust gas, zeolite adsorbs 
HC even though HC in the exhaust increases so that the temporary 
increase in HC can be avoided. 
4. Brief Explanation o£ the Figures 

Figures 1 through 3 are diagrams to explain examples of this 
invention's catalysts for cleaning exhaust gas. Figure 1 is a 
diagram showing a portion of the cross-sectional view of the flow 
passage of the monolith catalyst. 

Figure 2 is a graph showing the relationships between the 
inlet gas temperature of the catalysts prepared in Examples 1 and 
2 and in Comparison Examples 1,2 and 3 and the cleaning rates of 



HC. 



Figure 3 is a graph showing the relationships between the 
inlet gas temperature of the catalysts in Examples, 3, 4 and 5, 
and in Comparison Example 4 and the cleaning rates of HC. 

10... Carrier; 12... First catalyst layer; 14... Second 
catalyst layer. 



15 



• 



Figure 1 

Key: 10 . . . Carrier; 
catalyst layer. 



12. 



First catalyst layer; 14... Second 



Key^a) 'cleaning rate for HC (%) ; b) Catalyst inlet gas 
temperature CO; c) Example; d) Comparison Example. 

Kev^a) 'cleaning rate for HC (%) ; b) Catalyst inlet gas 
temperature <'C> ; O Example; d) Comparison Example. 
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[Figure 3] 
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